Study Design. Secondary analysis of data from a concurrent randomized trial and cohort study. Objective. The aim of this study was to determine risks and predictors of recurrent pain following standard open discectomy for subacute/chronic symptomatic lumbar disc herniation (SLDH). Summary of Background Data. Most previous studies of recurrence after discectomy do not explicitly define pain resolution and recurrence, and do not account for variable durations of time at risk for recurrence. Methods. We used survival analysis methods to examine predictors of leg pain recurrence. For individuals with initial resolution of leg pain, we defined recurrent leg pain as having leg pain, receiving lumbar epidural steroid injections, or undergoing lumbar surgery subsequent to initial leg pain resolution. We calculated cumulative risks of leg pain recurrence using Kaplan-Meier survival curves, and examined predictors of recurrence using Cox proportional hazards models. We used similar methods to examine LBP recurrence.
L umbar discectomy is commonly performed for lumbosacral radicular syndrome because of symptomatic lumbar disc herniation (SLDH). Although most patients improve with surgical treatment, subsequent recurrence of radicular pain and/or low back pain (LBP) is not unusual. Recurrent pain after lumbar discectomy may be because of a variety of causes, including recurrent disc herniation involving the operated level, a new disc herniation at other spinal levels, epidural fibrosis or scarring, or other anatomical changes involving the spinal canal aside from the intervertebral disc. 1 There are several limitations to currently available data that can be used to counsel post-discectomy patients who experience pain resolution regarding their risk of future leg pain or LBP recurrence. First, most previous studies of ''recurrence'' after discectomy actually report on prevalent pain, without separating individuals with persistent symptoms from those who experienced initial resolution of pain. 2, 3 Estimates of pain prevalence from such studies do not actually reflect pain recurrence, as they also include individuals whose pain never resolved, and were therefore never eligible to have a recurrence of pain. 4 Second, most studies of post-discectomy recurrence do not account for different durations of time before or following pain resolution (or other recovery criteria used), in calculations of recurrence rates. 5 The importance of this is illustrated by considering two hypothetical patients followed for 2 years post-discectomy, where patient #1 had resolution of leg pain at 1 month post-discectomy followed by recurrence at 5 months (4 months at-risk for recurrence), and patient #2 recovered from leg pain and LBP by 6 months without subsequent recurrence (at risk for 18 months). These two patients have been at risk for recurrence for very different periods of time. Third, and perhaps most important, is the fact that many studies of recurrence after discectomy examine symptomatic recurrent lumbar disc herniation, and not recurrent pain. Symptomatic recurrent lumbar disc herniation is a complex outcome requiring the convergence of multiple factors such as the persistence or recurrence of pain or neurological deficits post-discectomy, symptom severity sufficient to warrant a return visit to the treating surgeon, and new imaging findings confirming reherniation at the operated spinal level (but not at another spinal level). The risk of symptomatic recurrent lumbar disc herniation will always be substantially lower than the risk of pain recurrence, as the former is essentially a specific case of the latter. However, pain recurrence after discectomy, irrespective of the putative cause, may be a more relevant outcome from the patient's perspective.
We conducted a secondary analysis of data from the Spine Patient Outcomes Research Trial (SPORT) to examine pain recurrence after standard open discectomy for SLDH. We used clear definitions of pain resolution and recurrence defined by patient-reported outcomes and procedures or surgeries indicating recurrence had occurred. In addition, we used survival analysis methods to account for variable lengths of time before pain resolution and subsequent recurrence, as has been advocated previously for studies of recurrence after SLDH. 5 The objectives of this study were to identify cumulative risks of recurrent leg pain and LBP over 3-year follow-up, and predictors of leg pain and LBP recurrence, following discectomy for SLDH.
MATERIALS AND METHODS

Study Design
SPORT was a randomized trial with a concurrent observational cohort study conducted at 13 multidisciplinary spine practices throughout the United States. Study procedures were approved by institutional review boards at each study site. Participants were adults older than 18 years presenting with radicular pain of duration !6 weeks, positive nerve root tension signs and/or neurologic deficits, and lumbar magnetic resonance imaging/computed tomography (MRI/CT) imaging demonstrating a disc herniation corresponding with their clinical presentation. Further details regarding recruitment, data collection, and inclusion/exclusion criteria have been reported previously. [6] [7] [8] [9] Participants were offered participation in a randomized trial (where operative vs. nonoperative care was randomly allocated), or in an observational cohort study (where operative vs. nonoperative care was chosen by the participant). Operative care involved standard open discectomy with examination of the involved nerve root. Owing to high rates of crossover from assigned treatments, this analysis included all participants who underwent discectomy either as part of the randomized trial or the cohort study.
Definitions of Resolution and Recurrence
Patient-reported outcomes were evaluated at baseline and 3 months, 1 year, 2 years, 3 years, and 4 years post-discectomy. Leg pain bothersomeness was assessed using the leg pain item from the Sciatica Bothersomeness Index (SBI), a valid and commonly used scale of sciatica-related symptom bothersomeness. 10 This scale rates leg pain bothersomeness on a 7-point scale ranging from 0 to 6, with lower scores indicating less severe leg pain. Participants were classified as having ''leg pain resolution'' if they reported radiating dermatomal pain with a leg pain bothersomeness !2 befor discectomy, and a leg pain bothersome score <2 following discectomy. Participants with post-discectomy leg pain resolution were followed prospectively from the time of leg pain resolution until subsequent ''leg pain recurrence,'' defined as a leg pain bothersomeness score !2, or receiving lumbar spine surgery or an epidural steroid injection (ESI), at any time up to 4 years post-discectomy.
Post-discectomy LBP resolution and recurrence were defined using similar methods. LBP bothersomeness was rated using a 7-point scale with scores ranging from 0 to 6, with lower scores indicating less severe LBP. 11 We identified the subgroup of participants with a LBP bothersomeness score of !2 before discectomy who went on to have postdiscectomy ''LBP resolution,'' defined as a LBP bothersomeness score <2. Receiving an ESI or lumbar spine surgery was not considered a LBP recurrence outcome, as these procedures are typically offered for the treatment of radicular leg pain, and not for LBP. These participants were then followed prospectively from the time of LBP resolution for subsequent ''LBP recurrence,'' a LBP bothersomeness score !2, up to 4 years post-discectomy. It is important to note that the subgroups of participants with leg pain resolution and LBP pain resolution were not mutually exclusive, in that participants could have both leg pain resolution and LBP resolution.
Potential Predictors of Recurrence
We examined selected variables as potential predictors of recurrence based on conceptual importance or their prognostic value in earlier studies. [12] [13] [14] [15] [16] [17] Our primary predictor of interest was ''complete pain resolution'' (''0'' pain bothersomeness at the time of initial pain resolution) versus ''near-complete pain resolution'' (a ''1'' pain bothersomeness rating at initial pain resolution), based on previous work demonstrating this as an important predictor of pain recurrence in SLDH SPORT participants managed nonoperatively. 11 Other potential predictors of recurrence included participant age, sex, race, educational attainment, marital status, body mass index (kg/m 2 ), smoking, depression, joint problems, other medical comorbidities, expectations of being pain-free after discectomy, current employment, lifting demands at work, disability compensation, baseline leg pain and LBP bothersomeness, and early ( 3 months) versus late (>3 months) post-discectomy pain resolution. 11, 18 Potential imaging-based predictors of recurrence included herniation location, morphology, and level as assessed on baseline lumbar MRI/CT scans. 11 Operative characteristics examined as potential predictors of recurrence included operation time (minutes), blood loss (milliliters), length of hospital stay, and intraoperative dural tear/ spinal fluid leak. Most operative characteristics were not examined as potential predictors of recurrence because of low event frequencies (e.g., most individual intraoperative or postoperative complications), strong intercorrelations with other variables, or being part of the recurrence definition (e.g., indications for additional surgical procedures).
Statistical Analysis
Among participants with post-discectomy pain resolution, we compared those with initial resolution of leg pain only, those with initial resolution of LBP only, and those with initial resolution of both leg pain and LBP, using the x 2 test for categorical variables and analysis of variance (ANOVA) for continuous variables. For participants with initial resolution of leg pain, we plotted Kaplan-Meier (KM) survival curves for leg pain recurrence. Participants were censored at the first occasion of missing leg pain bothersomeness outcome data, at study withdrawal, or at the 4-year follow-up. We calculated cumulative recurrence risks at 1-, 2-, and 3 years, and the recurrence incidence density. We tested potential predictor variables for the assumption of proportional hazards using cumulative sums of Martingale residuals and visual inspection of KM survival curves. We used bivariate Cox proportional hazards regression models to examine associations between potential predictors of recurrence and recurrent leg pain. We then examined associations between potential predictors of recurrence (excluding operative characteristics) and recurrent leg pain using multivariate Cox proportional hazards regression with a stepwise variable selection procedure (entry P < 0.10, removal P < 0.10). Age, sex, and complete initial leg pain resolution were forced into the multivariate models if they met assumptions for proportional hazards, and other variables were tested based on significance. We calculated adjusted hazard ratios (aHRs) and 95% confidence intervals (CIs) for the association of each predictor variable with leg pain recurrence, with CIs excluding unity reflecting statistical significance at P < 0.05. Operative characteristics were allowed into the multivariate proportional hazards regression models in a subsequent step, so that the initial multivariable models would be comparable with those from our earlier analysis of nonoperative SPORT SLDH participants. 11 We calculated optimism-corrected Harrells c-statistics with bootstrapping for each multivariate model. 19 This analytic process was repeated for LBP recurrence. Analyses were performed using SAS version 9.3 (SAS Institute, Cary, NC).
RESULTS
Among 1244 participants from the observational cohort (n ¼ 743) and randomized trial (n ¼ 501), 805 patients received surgery during the first 4 years, of which 788 had at least one follow-up visit and were included in this analysis. Five hundred eighty-nine participants had initial resolution of leg pain or LBP post-discectomy, including 558 (71%) with resolution of leg pain, and 413 (52%) with resolution of LBP ( Table 1 ). There were three mutually exclusive subgroups within the 589 participants with pain resolution: 176 participants with leg pain resolution only, 31 participants with LBP resolution only, and 382 participants with concurrent leg and LBP resolution. Participants with leg pain resolution, LBP resolution, and concurrent leg and LBP resolution were largely similar, except for differences in baseline leg pain and LBP bothersomeness, and operation time in minutes (Table S1 , Supplement Digital Content, http://links.lww.com/BRS/B210).
KM survival curves for leg pain recurrence and LBP recurrence are presented in Figures 1 and 2 . Recurrence events clustered between months 9 and 12 of each year owing to the timing of the scheduled study follow-ups in relation to the time of initial pain resolution (which most commonly occurred at the 3-month or 1-year follow-up). The cumulative risk of leg pain recurrence was 20% (95% CI: 17-24) at 1 year and 45% (95% CI: 41-50) at 3 years ( Table 2 ). The cumulative risk of LBP recurrence was 29% (95% CI: 25-34) at 1 year and 65% (95% CI: 60-71) at 3 years. All estimates of cumulative recurrence risks were substantially lower in participants with complete pain resolution, as compared to those with near-complete pain resolution, except for 1-year risk of LBP recurrence.
Complete initial leg pain resolution predicted a lower risk of leg pain recurrence, and current smoking, depression, and joint problems predicted a greater risk of leg pain recurrence, in bivariate analyses ( (Table 3) . The final multivariate model had an optimism-corrected Harrell c-statistic of 0.79, indicating acceptable model discrimination. Figure 3 depicts the KM survival curve for leg pain recurrence, stratified by complete versus near-complete initial pain resolution.
In examining predictors of LBP recurrence, complete initial LBP resolution failed testing of the proportional hazards assumption, and was therefore not included in the proportional hazards models. The KM survival curve showed similar risks of recurrence with complete versus Near-complete initial LBP resolution before 12 months, but a greater risk of recurrence with near-complete LBP resolution thereafter (Figure 4 ). Current full-or part-time employment predicted a lower risk of LBP recurrence, and joint problems predicted a greater risk of LBP recurrence, in bivariate analyses ( CI indicates confidence interval; LBP, low back pain; n, total sample size; n r , number of recurrence events. 45% at 3 years. The risk of recurrent LBP was 29% at 1 year and 65% at 3 years. Cumulative risks of leg pain and LBP recurrence were generally lower in participants with complete initial post-discectomy resolution of pain, compared to those without, with the exception of LBP recurrence at 1 year. Although many prior studies have examined prevalent pain after discectomy for SLDH, to our knowledge this is the first study examining post-discectomy pain recurrence. Estimates of post-discectomy 1-year pain recurrence 
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Early leg pain recovery violated the assumption of proportional hazards and was not included in the proportional hazards models for leg pain recurrence.
y Potential predictors of recurrence (baseline characteristics) that were retained in the multivariate Cox proportional hazards regression model, using a stepwise variable selection procedure (entry P < 0.10, removal P < 0.10); age, sex, and complete initial leg pain resolution were forced into the model. Other medical problems related to stroke, diabetes, osteoporosis, cancer, fibromyalgia, chronic fatigue syndrome (CFS), post-traumatic stress disorder (PTSD), alcohol, drug dependence, heart, lung, liver, kidney, blood vessel, nervous system, hypertension, migraine, anxiety, stomach or bowel. risk from the current study were comparable to those we reported in a previous study of nonoperative management in SPORT, where 1-year leg pain and LBP recurrence risks were 23% and 28%, respectively). Two-and three-year postdiscectomy pain recurrence risks from the current study were also comparable, with the exception of 3-year leg pain recurrence, which was slightly higher in the nonoperative setting (51%). 11 However, direct statistical comparisons of recurrence risk between operative and nonoperative SPORT participants are prevented by the fact that these groups are not mutually exclusive, as some participants had initial pain resolution first with nonoperative treatment, but went on to have surgery and subsequent post-discectomy resolution. Estimates of 2-year post-discectomy pain recurrence risk from the current study are generally higher than rates reported in previous studies of leg pain or LBP prevalence at >2 years following discectomy for SLDH (5%-36%), 2 and studies of same-level recurrent lumbar disc herniation (0%-23%). 2 However, this is well explained by the different recurrence definitions and analytic methods used, as described above. Although risks of post-discectomy pain recurrence from the current study may seem discouragingly high at first glance, they are less so when one takes into account the annual rate of new radiating leg pain or LBP in the general population irrespective of SLDH, which can be as high as 10% and 36%, respectively.
11
Although complete LBP resolution violated the proportional hazards assumption and could not be examined as a predictor of recurrence using proportional hazards regression, our findings from the KM survival curves and proportional hazards regression models taken together demonstrate that complete initial pain resolution predicts lower pain recurrence risk, for both leg pain and LBP. This confirms an association also seen in the nonoperative SPORT SLDH participants.
11 Moreover, the finding that patients with lower pain intensity are more likely to remain pain-free at follow-up is analogous to the common scenario in studies of spinal pain where individuals with higher pain intensity are more likely to have pain at follow-up. [20] [21] [22] Many of the other predictors identified in this analysis-such as smoking and depression as predictors of leg pain recurrence and joint pain as a predictor of LBP recurrence-are also well-known predictors of recurrent, 11 incident, 23 or persistent pain 24 in previous studies. In contrast, our finding that greater operative blood loss was actually associated with decreased risk of LBP recurrence is counterintuitive and difficult to explain.
Other predictors of pain recurrence identified in the current study were also unexpected, such as older age predicting a lower risk of LBP recurrence. Although counterintuitive, this finding was seen in an earlier study of LBP recurrence after SLDH using similar methods to our study. 4 Older age is associated with lower reoperation rates for SLDH patients in SPORT 25 and elsewhere, 26 which may be explained by a tendency for surgeons to be less inclined to reoperate for older patients with attendant comorbidities. However, another explanation for lower reoperation rates in older adults is that older adults are less likely to develop recurrent symptoms. 25 It is possible that putative LBP mechanisms mediated by disc-related structures (such as internal disc disruption, nerve ingrowth into annular fissures, endplate changes, and posterior longitudinal ligament innervation, etc.) are modified by the known changes that occur in the disc and endplates with aging. [27] [28] [29] [30] Confounding owing to less physical labor/activity in older adults did not seem to explain the age-LBP recurrence association in the current study, as work-related lifting was not associated with recurrence risk, and employment predicted lower LBP recurrence risk. Another interesting aspect of the current study was that being divorced or widowed, and not being employed, predicted LBP recurrence. Although marital status has not been previously examined as a predictor of pain recurrence, it is a known predictor of post-discectomy treatment outcomes in SPORT. 24, 31 This study has some potential limitations. Our assessments of recurrence examined increased pain at specific time intervals post-discectomy, or new procedures indicating recurrent pain, but did not inquire about all intercurrent pain episodes that had happened since the time of pain resolution. This approach might not have included brief recurrences that resolved without epidural steroid injections or surgery, thereby underestimating recurrence risks. Conversely, our methods for defining leg pain recurrence may have inadvertently included cases of leg pain that were not because of lumbosacral radicular pain, such as osteoarthritis. Future studies of post-discectomy pain recurrence may benefit from design considerations and measures intended to examine recurrence specifically, including frequent assessments inquiring about current or past recurrences, and further steps to discriminate other causes of leg pain from true recurrent sciatica. Lastly, our study examined many predictors of recurrence, so type I error is possible and our findings require replication. A strength of this study is the enhanced generalizability owing to the multicenter design including 13 US sites.
CONCLUSION
Pain recurrence is an important outcome that has not been examined in studies of post-discectomy outcomes. This study found that leg pain and LBP recurrence were common after discectomy, and that risks were generally comparable to those in SLDH managed nonoperatively. Cumulative risks of both leg pain and LBP recurrence were lower in participants achieving complete post-discectomy initial resolution of pain.
Key Points
This study used survival analysis methods to examine predictors of leg pain and LBP recurrence after standard open discectomy for symptomatic lumbar disc herniation. One-and three-year cumulative risks of leg pain recurrence were 20% and 45%, respectively. The 1-and 3-year risks of LBP recurrence were 29% and 65%, respectively. Cumulative risks of both leg pain and LBP recurrence were generally lower in participants achieving complete initial resolution of pain postdiscectomy.
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